ABSTRACT. Coal tar is a significant product generated from coal pyrolysis. A detailed analytical study on its composition and chemical structure will be of great advantage to its further processing and utilization. Using a combined method of planigraphy-gas chromatograph/mass spectroscopy (GC/MS), this work presents a composition analysis on the coal tar generated in the experiment. The analysis gives a satisfactory result, which offers a referable theoretical foundation for the further processing and utilization of coal tar.
INTRODUCTION
Coal pyrolysis is one of the significant approaches for the comprehensive utilization of coal, one important product of which is coal tar. Coal tar can be utilized as raw materials for various industries such as synthetic fiber, dyestuff, medication, coating and national defense. It is also a type of raw materials from which phenols, naphthalenes and anthracene can be extracted for the production of washing oil, cementitious agents, antiseptic agents, and catalytic hydrogenated to produce gasoline, diesel oil, etc. Therefore, a detailed analytical study on the composition and chemical structure of coal tar will be advantageous to its processing and utilization, and enable it to be a chemical and power fuel materials of great value.
Because of the complex characteristics of coal tar, most previous researches have used some form of pre-separation, dividing a mixture into several fractions to provide further identification and quantitative analysis for it. There have already been some reports on the analytical methods of coal tar. These methods mainly involved UV-fluorescence spectroscopy (UV-F) [1, 2] , size exclusion chromatography (SEC) [2] , nuclear magnetic resonance method (NMR) [3] [4] [5] , gas chromatography [6] [7] [8] , high performance liquid chromatography [9, 10] , gas chromatographyFourier transform infrared spectrometry [11, 12] , and gas chromatography-mass spectrometry (GC/MS) [13] [14] [15] [16] . It is believed that using GC/MS can carry out most effectively a thorough analysis of the complex composition of coal tar.
In this study, an experimental research on coal pyrolysis was conducted in a fixed-bed cracking furnace, with coking-coals as the feeding material. A detailed composition analysis was carried out on the coal tar generated in the experiment through a combined method of planigraphy-GC/MS; therefore a satisfactory analytical result obtained, which offers a referable theoretical foundation for the further processing and utilization of coal tar.
EXPERIMENTAL

Materials
The materials used for this study were the coking-coals from the Coking-Plant of Wuhan Iron and Steel (Group) Corp. and their main patria are Handan, Yihan, and Xiaotunjie, which are in the middle of China. The physicochemical data of the coking-coals are given in Table 1 . 
Equipments and process
The schematic diagram of coking-coals pyrolysis is shown in Figure 1 . The coking-coals were heated up to 1100 °C in the cracking furnace on the fixed bed, cracked at the high temperature and followed by evolving of coal gas. The generated coal gas, after dust removal by a cyclone cleaner, entered into the tar condensers. The tar component in the coal gas was then collected by condensation. After dust removal and tar separation, the coal gas entered into the next waste water separation and gas purification process. 
Analytical methods
Sample planigraphy pre-treatment
By means of planigraphy pretreatment, the coal tar sample collected from coking-coal pyrolysis was separated into several groups with different polarities, which facilitate the GC/MS analysis. The planigraphy, taking the solid adsorbent as the stationary phase, is the liquid-solid chromatography, carrying out separation inside the column tube. Silica gel and alumina were used as the adsorbent materials in this experiment. They have been activated at 105 °C and at 400 °C for 4 h, respectively and 2 g activated alumina and 3 g activated silica gel were loaded into the planigraphy column successively each time. The schematic diagram of planigraphy column is shown in Figure 2 . Using the difference of adsorbability between various types of organics in tar and adsorbents and the difference of polarity between various eluents, a successive separation of the coal tar sample into aliphatics, aromatics, ester, and polar was achieved by eluting with normal pentane, benzene, ethyl acetate and methanol, respectively. Each effluent was collected after 5 times successive elution of the corresponding eluent with the volume of 5 mL each time. The remainder of the coal tar sample was regarded as asphaltene group. The collected effluents were concentrated by using nitrogen gas to evaporate the eluent, and then they were further analyzed using a GC/MS analysis to determine their components.
During the planigraphy pretreatment, the relative weight of each group (aliphatics, aromatics, ester and polar) of coal tar was weighed using an analytical balance (precision: 0.0001 g). By subtracting the weight of former 4 groups from the total quantity of coal tar, the asphalt portion was then obtained. The relative weight percentage of each group in total is therefore calculated.
GC/MS analysis of the tar composition
Normally, asphaltene is a mixture of various polymers with very heavy molecular weights, and can hardly be separated and analyzed through ordinary GC methods. Therefore, in this study the GC/MS analysis has been carried out only on aliphatics, aromatics, ester and polar generated from the planigraphy pretreatment of tar. The composition of asphaltene will be investigated using other analytical methods in the future work.
A gas chromatography (GC, Varian 3900) and a mass spectrometer (MS, Saturn 2100T) were used in this study. The basic parameters are given below.
GC condition.
A VF-5ms 30 m x 0.25mm (ID) x 0.25µm quartz capillary column was used, helium served as the carrier gas, injector temperature was 280 °C, split ratio 15:1.0, and sample size 1.0 µL. The GC temperature programming is given in Table 2 . Aliphatics  280  70  3  5  280  15  Aromatics  280  70  3  6  280  15  Ester  280  60  3  5  280  15  Polar  260  60  3  5  260  20 MS condition. The ionization mode was EI, electron bombarding energy was 70 eV, charging multiplier tube voltage at 500 V, scan range form m/z 40 to 650 at 3 scan/s was used, solvent delay at 3 min.
Comparing with the MS self-contained chromatogram library, the species of every group were identified, and the relative proportion of each species (%) was obtained by dividing the individual peak area with the total peaks areas.
RESULTS AND DISCUSSION
The weight percentage of every tar group (aliphatics, aromatics, ester and polar) is given in Table 3 . Figures 3-6 show the typical gaschromatograms of aliphatics, aromatics, ester and polar group in the coal tar, respectively. According to the GC, combined with MS analysis, the qualitative and semi-quantities analyses of each peak appearing in the gaschromatogram can be determined. The components of analytical results of various groups are given in Tables 4-7 , respectively.
The aliphatic compounds in coal tar (Table 4) mainly involve various C 6 -C 28 paraffin hydrocarbons, alkene, and a small amount of alicyclic compounds. Moreover, there are about 2% materials that cannot be identified, which shows the complication of their chemical nature. Among the aliphatic group of the coal tar, the proportion of alkene is larger than alkane. The reason may be that alkane components trend to form alkene during the dehydrogenation process under the high temperature condition of pyrolysis [17] . Main components of aromatics group (Table 5) can be divided into monoaromatics, polycyclic aromatics hydrocarbons (PAHs), and some heterocycle materials (PANH, PASH) containing N and S, etc. No benzene was found in the coal tar samples, according to coal tar definition -the mixture of compounds whose molecular weight was above that of benzene. In addition, benzene was as an eluant in the pretreatment as such it was excluded from the aromatics group. The amount of toluene in aromatics group of the coal tar was about 10.64%, which was in accordance with other study claiming that there is comparatively more toluene in the aromatics group [18] . PAHs mainly consist of naphthalene, indene, biphenyl, phenanthrene, anthracene, pyrene, etc. and their derivatives, with their maximum molecular weight reaching above 200. The total amount of naphthalene and its derivatives was the largest in the PAHs of the coal tar; the proportion of naphthalene accounts for above 10%. If α-methylnaphthalene, ethylnaphthalene, dimethylnaphthalene and trimethylnaphthalene, etc. will be included the proportion will be even higher. PANH mainly includes pyridine, quinoline, indole, and some derivatives. PASH is mainly some derivatives of thiophene.
The ester groups of coal tar (Table 6 ) contain mainly some oxygen compounds, such as ketone, acid, furan, as well as some small amount of aromatics compound containing N and S, such as benzene sulfonic acid and nitrile, etc.
The main components of polar groups in the coal tar (Table 7) are various phenols, methylphenols, dimethylphenols, naphthols and their derivatives, which account for a large proportion. In addition, some heterocyclic compounds containing N and S are also found at certain proportion, together with a few ketone, isoquinoline, carbazole and acridine.
The overall species detected and their contents in coal tar are summarized in Table 8 , from which some conclusions can be made as follows. Totally 129 compounds in coal tar were determined using GC/MS analytical method. Among them there are 33 types of aliphatic hydrocarbons that account for 17.33% of the coal tar, and 37 types of aromatics hydrocarbon compounds, which accounts for 27.41%, such as phenylmethane, p-xylene, naphthalene and their derivatives. There are 10 kinds of naphthalene products that accounts for 10.74% of the coal tar contents, which is correspondent with the previous result of the 10% contents of naphthalene in high temperature coal tar. Totally 13 kinds of phenols compounds and 12 kinds of acid ester compounds are also determined. Moreover, 22 kinds of alkaline constituents are found with small amount contents in the coal tar, which are mainly derivatives of pyridine, quinoline and nitrile. 
